Potato (Solanum tuberosum L.) tuber, a swollen underground stem, is used as a model 27 system for the study of dormancy release and sprouting. Natural dormancy release, at room 28 temperature, is initiated by tuber apical bud meristem (TAB-meristem) sprouting 29 characterized by apical dominance (AD). Dormancy is shortened by treatments such as 30 bromoethane (BE), which mimics the phenotype of dormancy release in cold storage by 31 inducing early sprouting of several buds simultaneously. We studied the mechanisms 32 governing TAB-meristem-dominance release. TAB-meristem decapitation resulted in the 33 development of increasing numbers of axillary buds with time in cold storage, suggesting 34 the need for autonomous dormancy release of each bud prior to control by the apical bud. 35 Hallmarks of programmed cell death (PCD) were identified in the TAB-meristems during 36 normal growth, and these were more extensive when AD was lost following either extended 37 cold storage or BE treatment. Hallmarks included DNA fragmentation, induced gene 38 expression of vacuolar processing enzyme 1 (VPE1) and elevated VPE activity. VPE1 39 protein was semi-purified from BE-treated apical buds and its endogenous activity was fully 40 inhibited by a caspase-1-specific inhibitor (Ac-YVAD-CHO). Transmission electron 41 microscopy further revealed PCD-related structural alterations in the TAB-meristem of BE- Potato (Solanum tuberosum L.) is the world's largest food crop in terms of fresh 51 produce after rice and wheat. Sprouting control during storage is one of the biggest 52 challenges for the fresh market, prior to industrial processing, and in storage of seed-tubers 53 (Coleman, 2000). After harvest, tuber buds are generally dormant and will not grow even if 54 the tubers are placed under optimal conditions for sprouting (i.e. warm temperature, 55 darkness, high humidity). Following a transition period of between 1 and 15 weeks 56 depending on the storage conditions and variety, dormancy is broken and apical buds start to 57 grow (Wiltshire and Cobb, 1996). The dormancy observed in postharvest potato tubers is 58 defined as endodormancy (Lang et al., 1987), and is due to an unknown endogenous signal 59 that mediates suppression of meristem growth (Suttle, 2004b). The duration of the 60 endodormancy period is primarily dependent on the genotype, but other factors, such as 61 growth conditions of the crop and storage conditions after tuber harvest, are also important 62 (Turnbull and Hanke, 1985; Wiltshire and Cobb, 1996).
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Potato (Solanum tuberosum L.) is the world's largest food crop in terms of fresh 51 produce after rice and wheat. Sprouting control during storage is one of the biggest 52 challenges for the fresh market, prior to industrial processing, and in storage of seed-tubers 53 (Coleman, 2000) . After harvest, tuber buds are generally dormant and will not grow even if 54 the tubers are placed under optimal conditions for sprouting (i.e. warm temperature, 55 darkness, high humidity). Following a transition period of between 1 and 15 weeks 56 depending on the storage conditions and variety, dormancy is broken and apical buds start to 57 grow (Wiltshire and Cobb, 1996) . The dormancy observed in postharvest potato tubers is 58 defined as endodormancy (Lang et al., 1987) , and is due to an unknown endogenous signal 59 that mediates suppression of meristem growth (Suttle, 2004b) . The duration of the 60 endodormancy period is primarily dependent on the genotype, but other factors, such as 61 growth conditions of the crop and storage conditions after tuber harvest, are also important 62 (Turnbull and Hanke, 1985; Wiltshire and Cobb, 1996) . 63 Endogenous plant hormones and their relative balance within the tuber are suggested 64 to regulate endodormancy and sprouting (Turnbull and Hanke, 1985; Ji and Wang, 1988;  Previous studies have shown that immediately after harvest, during their dormant 90 period, potatoes cannot be induced to sprout without some form of stress or exogenous 91 hormone treatment (Struik and Wiersema, 1999; Suttle, 2009; Hartmann et al., 2011) . In a 92 previous study, we found that R-carvone application damages the meristem membrane, 93 leading to local necrosis of the tuber apical bud meristem (TAB-meristem); a few weeks 94 later, axillary bud growth is induced in the same sprouting eye (Teper-Bamnolker et al., 95 2010) . Surprisingly, application of a very low dose of R-carvone induced sprouting of the 96 tuber followed by minor necrosis of the TAB-meristem tip (Teper-Bamnolker et al., 2010) . 97 On a large commercial scale, Rindite (a mixture of ethylene chlorhydrin, ethylene dichloride 98 and carbon tetrachloride) (Rehman et al., 2001) , bromoethane (BE) (Coleman, 1984) , CS 2 99 (Meijers, 1972; Salimi et al., 2010) and GA 3 (Rappaport et al., 1957) We observed three main types of loss of AD in stored potato ( faster than those located in more distant segments of the tuber (Fig. 2, C and F) . Loss of 140 type I AD as a result of BE treatment was followed by loss of type III dominance, expressed 7 as excessive branching of the growing shoots (Fig. 2F) . (Fig. 3E ).
160
Removing the apical complex (the TAB-meristem plus underlying cortex) induced loss of 161 AD (type I) but axillary buds sprouted more moderately than when only the TAB-meristem 162 was removed, and after 24 d, an average six buds were sprouting (Fig. 3E) using its specific c substrate, Ac-ESEN-MCA. A sevenfold increase in activity was found 235 relative to the control 24 h after BE treatment initiation, and it remained high at 48 and 72 h 236 of incubation (about tenfold that in the nontreated tubers) (Fig. 6D) . A similar rise in VPE 237 activity was observed in the lateral buds treated with BE (not shown). Application of Ac-238 YVAD-CHO, an inhibitor of caspase-1, reduced the measured VPE activity to the baseline, 239 which was very similar to the level measured in meristems that were not treated by BE (Fig. 240 6D). We found the same pattern of VPE activity induction and specific inhibition by Ac-241 YVAD-CHO, using Z-AAN-MCA, another specific substrate of VPE purified from potato 242 tuber (not shown).
243
To clarify whether BE induces VPE activity, impairing the tonoplast and leading to 244 PCD, the fine intracellular structure of the TAB-meristem treated with BE was examined by and nuclear pore complex (Fig. 8D ).
262
VPE was partially purified from TAB-meristem 48 h after BE treatment initiation, at 263 the time when its higher activity was detected. Unexpectedly based on the theoretical pI of 264 VPE1 (5.66), the protein did not bind to the cation-exchange column at pH 5.5 but did bind well to the anion-exchange column (Fig. 9A) Kuroyanagi et al., 2005) . During all three purification steps, only one activity peak 270 was observed using both substrates, suggesting only one enzyme as the source (Fig. 9, A   271 and B). Amino acid sequence analysis of the partially purified active fraction revealed nine 272 peptides with sequences covering 33% of the predicted mature VPE1 (Fig. 9C ).
273
To check whether VPE is involved in apical bud growth or dominance, we treated 274 detached apical buds with the Ac-YVAD-CHO inhibitor, shown to inhibit TAB-meristem 275 VPE activity (Fig. 6D ). Ac-YVAD-CHO induced faster development of TAB-meristems at 276 all concentrations tested (0, 50, 100 and 200 µM), with an optimum at 50 to 100 µM ( We found a dramatic effect of BE application on dormancy and AD of the TAB-meristem, 306 suggesting a connection between these two physiological conditions. Nonetheless, the two 307 conditions are independent since apical bud of freshly harvested potato tubers can sprout 308 earlier at room temperature than in the cold, while AD is preserved (Fig. 2) . for the apical meristem base. It is logical to assume that the ability of BE to induce 316 simultaneous growth of all buds is tied to its ability to reduce apical bud dominance, since 317 the apical bud must sprout first in order to achieve dominance.
318
The shoot AD and branching regulatory system involves three long-range hormonal three purification steps, only one activity peak was observed using both substrates, 457 suggesting only one enzyme as the source (Fig. 9, A and B) . Analysis of the partially 458 purified active fraction revealed nine peptides covering 33% of the mature VPE1 protein 459 (Fig. 9C) . The rise in VPE1 was correlated with vacuolization of meristematic cells. The 460 presence of VPE might be required for vacuolar disruption, probably followed by tonoplast 461 disruption and small vesicle formation (Fig. 7) . We observed no change in the vacuole 
